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ADVANCED ANTIGEN PRESENTATION PLATFORM 


DESCRIPTION 
BACKGROUND OF THE INVENTION 

Field of the Invention 
The invention relates to the development of vaccines and specifically 
to Ac development of an improved method for antigen presentation. The 
.invention fiiBtfaencdhi&to4&e^lrvery of nucleic acids to cells via a particle. 

Background Description 

The aim of all vaccinations is to induce specific immuni^ that 
prevents microbial invasion, eliminates microbes that have akeady invaded 
the host, Gt neutralizes microbial toxins. Unfortunately, the development of 
effective protein subunit or peptide vaccines against intracellular pathogens 
has been hindered by major technological and conceptual inadequacies. 

One such inadequacy is the inability to elicit a strong THl immune 
response. The response of the immune system to an antigen during 
vaccination can be somewhat variable depending on the size and 
composition of the disease specific antigen, and the particular adjuvant used 
to enhance the immune response. Potential responses include THl, TIC or 
mixed CTH1/IH2) responses. 

Cytokine profiles determine T cell regulatory and effector fimctions 
in immune responses. Cytokines play a role in directing the T cell response. 
Helper (CD4+) T cells orchestrate the immune response of mflmiYia^ 
through production of sohible factors that act on other immune system cells, 
including other T cells. Most mature CD4+ T helper cells express one of 
two cytokine profiles: THl or TH2. THl cells secrete IL-2, 11^3, IFN-y, 
TNF-p, GM-CSF and high levels of TNF-a. TH2 cells express IL-3, IL-4. 
IL-5, 11-6, IL-9, II^l 0, IL-13, GM^CSF and low levels of TNF-a. The THl 
subset promotes delayed-type hypersensitivity, cell-mediated immunity, and 
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immunoglobulin class switching to Ig02. The TH2 subset induces humoral 
immunity by activating B cells, promoting antibody production, and inducing 
class switching to IgG, and IgE. 

Several factors have been shown to influence commitmem to THl <»> 
1H2 profiles. The best characterized regulators are cytokines. IL-12 and 
IFN-Y are positive THl and negative TH2 regulators. IL.12 promotes 
IFN-Y production, and IFN-y provides positive feedback for IL-12. IL-4 
and IL-10 appeaac to be reqinced for tiie establishment of the TH2 cytokine 
profile and to dovm-regulate THl cytokine production; the efifects of IL4 
are in some cases dominant over those of IL-12. IL-13 was shown to inhibit 
expression of inflammatory cytokines, including IL- 12 and TNF-a by 
LPS-induced monocytes, in a way similar to IL-4. The IL>12 p40 
homoduner binds to the IL-12 receptor and antagonizes IL-12 biological 
activity; thus it blocks the pro-THl effects of IL-12. 

A THl response is marked by mobilization of macrophages, B-cells 
antibody producing cells, professional antigen presenting ceUs (APCs), and 
cytotoxic T lymphocytes (CTL) for the phagocytic elimination of microbes. 
Furfeer, a THl response induces fbe expression of IFN-y. FN-y promotes 
the switching of B cells to isotypes such as IgG2 which fixes complement 
and promotes phagocytosis by macrophages. IFN-y also activates the 
antimicrobial functions of macrophages. A THl immune response thus 
induces phagoqrte-dependent host reactions that are important for the 
elimination of intracellular microbes, and it is thaefore highly desirable for a 
vaccine to elicit a strong THl response. 

Several studies have reported that the cytokine IL-12 plays a critical 
role in inducing antiviral effects vivo by promoting the THl immune 
response. IL-12 is mainly produced by activated antigen presenting cells 
(APCs) including macrophages, dendritic cells, and B cdUs, and is reported 
to augment antibody, CD4\ and CTL responses. IL-12 induces the 
maturation of type-1 TH cells into IFN-y producing cells, promotes natural 
killer (NK) activity, and enhances CTL maturation. It is a hetoodynamic 
cytokine consisting of two subunits, p35 and p40. The p35 subunit is 
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constituitively expressed, v\*ile the p40 subunit is expressed only upon APC 
activation. It is therefore highly desirable for a vaccine to elicit the 
production of IL-12. 

Protein subunit or peptide vaccines are often not immunologically 
5 active by thonselves and must be administered with an adjuvant Aluminum 
hydroxide (alum) is currently the only adjuvant approved for human use. An 
important disadvantage of alum is that it induces a TH2- rather than a 
THl-type immune rei^nse, and this may interfere with induction of CIL, 
Indeed, in mice inununized with recombinant Hqiatitis B surface antig^ 

1 0 (HBsAg), the addition of alum selectively blocked activation of CD8+ CTL 
(Schirmbcdc et al., 1 994). Although not essential for protective immunity 
against HBV, CTL may nevcrtfieless play an important role. 

The use of alum has been Imked to TH2-type diseases. The much 
higher prevalence of asthma (a TH2-type disease) in more highly developed 

1 5 nations may be linked to the high hygiene level and rapid treatment of 
childhood mfections (Cookson and Moffalt. 1997). Early exposure to 
bacterial DNA pushes the immune system away from TH2- and towards a 
THl -type response and this may account for the lower incidence of asthma 
in less developed countries, where there is a much higher frequency of upper 

2 0 respiratory infections during childhood. It would be an advantage to have 

available pediatric vaccines capable of re-establishing a THl-type response, 
thereby reducing the incidence of asthma. 

In order to ehcit a strong THl response by an antigen which is 
deposited in the extracellular fluid (which is tiie case with most vaccines) 
25 very high concentrations of the antigm are necessary. This cannot be 

accomplished in a safe and efficacious maimer. However, one solution to the 
problem is to deliver disease-specific antigms on the surface of a particle. 
Botii macrophages and dendritic cells internalize particles into large vacuoles 
where exogenous antigens can be transfaied to both the class I and dass II 

3 0 presmtation pathways. This exogenous class I presentation pathway is of 

considerable intoest for vacdne development because it provides a means of 
eliciting CTL immunity with antigens that ate dqu>sited into the extracellular 
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fluid. It has been demonstrated that when exogenous antigens are 
particulate in nature, they are presented 1,000 to 10,000-fold more 
efficiently than soluble antigens in both the class I and class U pathways 
(Harris et al., 1992; Griffiths et al.. 1993; Schodel et al., 1994; Schirmbeck 
5 et al, 1995; and Raychaudhuri and Rock, 1998). One example of the use of 

particles to carry antigens is that of the human hepatitis B viral core antigen 
(HBcAg). It has been shown tfaathunanHBcAg is capable of serving as an 
(sffective carrier for foreign epitopes which have been chcmicaUy coupled to, 
or geneticaUy engineered into, the protdn sequence at several selected sites 
(MiUch,! 990; Schodel et aL, 1992; Scbodd et al., 1993; Schodel et aL, 
1994; Milich et al., J995). Also, see; for example, tiie following United 
States Patents to Thornton et al.: 4.882,145; 4,882.145, and 5,143,726, 
which are incorporated herein by reference. The patents are directed toward 
the use effusion proteins conqirised of T ceU stimulating regions of tiie 
hunian Hepatitis B viral (HBV) nudeocapsidpiotcm linked to apolypcptide 
immunogen. However, one serious drawback to the use of human HBcAg as 
a vaccine carrier is that antibodies against HBcAg itself (anti-HBc) also 
develop in recipients of the vacdne. This is aproblem because the detection 
of HBV infection in humans, and in blood which has been donated for use 
20 in transfusions, is by screening for anti-HBc m the blood. Therefore, 

widespread use of a vaccine based on human HBcAg would compromise the 
currentiy used hepatitis B screening system. The use of hepatitis B-based 
particles ftom some otiier species (e.g. woodchuck) would also pose the 
same problem since they are crossreactive with human HBcAg. It is 
2 5 estimated that approximately 500 million people are infected with HBV 
worldwide. In these individuals, tiie administration of a vaccine based on 
human HBcAg would be fruitless, since their immune system would likely 
attack and destroy the vaccine particles before they could exert tiieir 
immunizing eflFecL It would therefore be advantageous to have available a 

30 particulate vaccine carrier which did not intorferewitii current HBV 
screening protocols. 

Another major inadequacy of cunent vaccines is tiie inability to 
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produce vehicles to deliver haptens that are efifective in stimulating a 
specific immune response to ""quasispecies'* of the uwading microbe. 
Quasispecies are progeny of the original microbe that develop during 
infection. TTie genetic structure of quasispecies has been altered by mutation, 
allowing these structurally similar microbes to escape elimination by the 
immune system and maintam Uie pathological condition. It would thus also 
be highly desirable to develop a hapten vehicle for use in vaccines that was 
capable of eliciting a protective response against a wide varied of 
structurally similar haptens such as tibose exhibited by genetically 
lorpervariable microbes (e.g. viruses). Such a hapten vehicle could stimulate 
an immune response against tfie targeted microbe and quasispecies produced 
during infection. 

SUMMARY OF THE INVENTION 

The present invention provides a composition comprised of a 
plurality of nucleocapsid protein monomers, the primary sequences of which 
are doived firom duck hepatitis B virus, wherein said pluraKty of monomers 
are assembled to form a particle. The monomers may further include a first 
and second hapten, as well as muWple haptens, depending on the use of the 
particle. The particles may further include nucleic adds. Those nucleic adds 

niay have bm are not limited to sequences corresponding to SEQ IDs 
numb^3*19. 

The haptens may be assodated with a disease condition caused by an 
agent selected from the group consisting of: single single stranded DNA 
viruses, double stranded DNA viruses, single stranded RNA viruses, double 
stranded RNA viruses, intracellular parasites, fungi, bacteria, and cancer. 

The invention further comprises a m^od of delivering nucldc acids 
to a subject in need thereof by administering a composition comprised of a 
plurality of nucleocq)sid protein monomers assembled in the form of a 
particle where tfie partide incorporates die desired nucldc add sequence. 

The present invention also provides a method for making particles, 
which method comprises the st^ of: providing a composition con^rised of 
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a plurality of nucleocapsid protein monomers, the primaiy sequences of 
which are derived ftom duck hepatitis B virus, wherein said plurality of 
monomers are assembled to form a particle, exposing said particle to a 
charged agent to disassemble the particle and aUow for mixing in nucleic 
adds or other nucleocapsid monomers that include difEerent haptens, and 
removing said charged agent; the removal of the charged agent allows the 
monomers to reassemble. Further steps may be included in the method, such 
as removing unwanted nucleic adds and adding desired nucldc acids. The 
diarged agent may be a divalent cation selected ftom the group consisting 
of: Mg« Zn*», Ba« Sr« Ca*» and PV^ 


BRIEP DESCRIPTION OF THE DRAWINGS 
Kgure 1. Amino acid sequotce of dude HbcAg. 


Figure 2. Nuddc acid sequence of duck HbcAg. 

Figure 3. Tlhistration of extrinsic mosaic recombinant duck HBcAg 
15 particles. 


Figures 4A and 4B. Analysis of specific RNAs in J774A.1 macrophage 
cells after exposure to recombinant duck HBcAg particles (4A) or 
recombinant t-duck HBcAg partides (4B). RNA was detected by reverse 
transcriptase polymerase diain reactira (RT-PCR) and visuali2ed 1^ agarose 
gel electrophoresis. 


Figures 5A and SB. Concentration of lL-12 in the culture medium (5A) or 
Ihe cdl extract (SB) of J774A.1 macrophage cells following treatment with 
recombinant duck HBcAg particles or recombtaant t-duck HBcAg particles 
25 for 72 hours. 
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Figure 6. CoBcentration of IL-12 in fhe culture medium of bone marrow- 
derived dendritic cells fiom BALB/C and BIO mice following treatment wWi 
recombinant duck HBcAg particles fox 24 hours. 

Figure 7A, 7B, 7Q 7D and 7E- Flow cytCMneny analysis of cell surfece 
andgen eo^ression in J774A.1 macrophage cells after treatment with 
recombinant duck HBcAg particles. 7A: CD86; 7B: MHC I; 7C: MHC n; 
7D: Ly-6A/E; 7E: Ly-6C. Arrows: 1, shaded area: isotype control; 2, solid 
line: non-treated control; 3, dotted line: treated with lOjlg recombinant duck 
HBcAg particles. 

Figure 8A and 8B. Total IgG titer for duck HBcAg in vivo. 8A: BIO mice. 
8B: BALB/C mice. 

Figure 9^ IgG isolype titers for duck HBcAg in BIO and BALB/C mice. 

Figure lOA, lOB, IOC and lOD. Flow cytometry analysis of cell suifece 
antigen expression in spleenocytes following rc-stimulation with l|ig duck 
HBcAg in vitro for 24 hours. lOA: CD86; lOB: Ly-6C; IOC: CD4+; lOD: 
CD8+. Arrows: 1, immunized with 0 \ig of duck HBcAg. 2. immiinizprt 
with 1 Jig of duck HBcAg. 3. immunized with 10 \lg of duck HBcAg. 

Figure llA and IIB. Comparison of oossreactivity of wooddiuck with 
duck and human antibodies (llA) and crossreactivity of human with duck 
and woodchuck antibodies (IIB). 

Figure 12. Disassembly/reassembly of duck HBcAg particle with and 
without nucleic acids. Lane Ir duck HBcAg; Lane 2: duck HBcAg treated 
with MgClj and dialysed vs. TBS; Lane 3 : duck HBcAg treated with both 
MgClj and Rnase A and dialysed.; Lane 4: duck HBcAg treated with Rnase 
A and dialysed. 
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Figure 13. Disassembly/reassembly of duck HBcAg(l-239) particle with 
and without nucleic acids. Lane 1 : duck HBcAg(1.239); Lane 2: duck 
HBcAg(l-239) treated wiA MgClz and dialyscd vs. TBS; Lane 3: duck 
HBcAg(l-239) treated with MgClj but not dialysed; Lane 4: duck 
5 HBcAg(l-239) treated with Rnase A and dialysed; Lane 5: duck HBcAg(I- 
239) treated with both MgClj and Rnase A and dialysed. 

Figure 14, Disassembly/reassembly of duck HBcAg(l-239) particle with 
and without nucleic acids. Lane 1: duck lfflcAg(l-239) treated with both 
Rnase A and MgClj and dialysed vs. TBS; Lane 2: duck HBcAg(l-239) 
10 treated with both Rnase A and MgClj and dialysed vs. TBS; exogenous 

oligonucleotides were added prior to dialysis; Lane 3: duck HBcAg(l-239). 

Figure 15. Disasswnbly/reassembly of duck HBcAg(l-239) particle with 
and without nucleic acids. Lane 1: duck HBcAg(l-239); Lane 2: duck 
HBcAg(l-239) treated with both Rnase A and MgClj and dialysed vs. TBS; 
15 exogenous oligonucleotides were added prior to dialysis. 

Figures 16A, 1€B and 16C. DisassCTibly/reassembly of duck HBcAg(l- 
239) particle with exogenous nucleic acid; confirmation by chromatography. 
16A: Peak 1: breakthrough material representing large molecular weight 
bacterial aggregates; Peak 2: Duck HBcAg native core peak. 16B:Peak3: 
2 0 disassociated core monomers; Peak 4: exogenous DNA. 16C: Peak 5: Re- 
associated duck HBcAg core particles; Peak 6 unincorporated exogenous 
DNA. 

Figure 17. Amino acid sequence of duck HBcAg (1-239). 
2 5 Figure 18. Nucleic acid sequence of duck HBcAg (1-239). 
Figure 19. Amino acid sequmce of t-duck HBcAg. 
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Figure 20. Nucleic add sequence of t-dudcHBcAg. 


DETAILED DESCRIPTION OF THE PREFi»RED 
EMBODIMENTS OF THE INVENTION 


Definitions: 

Antibody: a molecule that is a member of a femily of glycosylated proteins 
caUed immunoglobulins (e.g. IgG, IgE. etc.). which can specifically combine 
with an antigoL 


AntiiBen: term used historically to designate an entity thai is bound by an 
antibody, and also to designate the entity that induces the production of the 
antibody. More cuiient usage limits the meaning of antigen to that entity 
bound by an antibody, while the woid "immunogen" is used for the entity 
that induces antibody production. Where an entity discussed herem is both 
immunogenic and antigenic, reference to it as either an immunogen or 
antigoi will typically be made according to its intended utility. 


Antigenic deteiminant: the actual structural portion of the antigen that is 
immunologically bomid by an antibody combming site or T cell recqrtor. 
The term is interchangeable with "q»itiq>e'*. 

Cytokine: Protein hormones which promote cell proHferation and 
differentiation. Cytokines arc secreted by immune cells (T-cells, B-cells, 
macrophages, dendritic cells, etc) in response to antigenic sdmuladon. 

GM-CSF: Granutooyte-monoqrte colony stimulating fector is a cytokine that 
generally acts on bone manow to increase die production of inflammatoiy 
leukocytes. It also is a macrophage-acttvating fector and promotes the 
differentiation of Langeifaans cells into dradritic cells. 
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Hapten: a disease specific antigenic detenninant identified by biochemical, 
genetic or computational means. 

HBcAg: T celJ stimulating proteins or polypeptides having an amino acid 
residue sequence that coiresponds to an amino acid residue sequence 
encoded by the hepatitis B virus nncleocapsid protein gene. 

DFN- Y : Intetfiaon-Y is produced by activated CD4+ and CD8+ T ceUs and 
by NK celb. Production of IFN-y is a diiect consequence of antigen 
activation and is enhanced by the pi«scnce of the cytokmes IL-2 and IL-12. 

Monocytic cells: A monocytic ceU is released fiom bone marrow as an 
incompletely differentiated cell and is referred to as a "monocyte". 

Nucleic add (or oUgonndeotide): polymeric form of nucleotides at least five 
bases in length. The nucleotides may be deoxyribonucleotides. 
ribonucleotides, or modified fbims of either. They may be double- or single- 
stranded. 


15 Polypeptide orpeptide: a linear series of amino acids connected to each 
other by peptide bonds between the alpha-amino and carboxy groups of 
adjacent amino adds. They can be a variety of lengths, whether in their 
neutral (uncharged) forms, or forms which are sahs, and whether fiee of or 
containing modifications such as glycosylation. side cham oxidation. 

20 phosphoiylation and the like. Also included are proteins modified by 

additional substituents such as glycosyl units, lipids, or inorganic ions such 
as phosphates, as weU as modifications relating to chemical convetsions or 
the chains, such as oxidation of suUhydiyl groiqjs. 

Protein: a polypeptide having about 70 or more amino acids. 

25 TH (as in THl and TH2): T helper cells. Naive CD4+ cells can differentiate 
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into the subsets THl and TH2. This differentiation is influenced by the 
cytokine environment produced early in response to a microbe that triggers 
an immune response. Hie principal effector function of THl cells is the 
phagocyte-mediated defense against infection. TH2 cells are primarily 
5 involved in the development of an antibody and allergic immune response. 

The instant invention provides a new type of vehicle for use in the 
presentation of haptens for die purpose of eliciting an imTn^ ine response, and 
for the deliv^ of nucleic acids for use in enhancing an immimp response, 
for gene therapy^ and for other uses. The vehicle is a particle, the structure 

10 of which is based in part on the duck h^titis B viral core antigen (duck 
HBcAg). Applicants have discovered that particles formed by assembling 
recombinant forms of duck HBcAg are highly immunogenic, eliciting a THl 
type immune response and that the particles can be disassembled and 
reassembled imder reladvely mild, non-denaturing conditions. This latter 

15 finding, coupled with known recombinant DNA techniques, opens the 
prospect of generating particles v^^ch carry a wide variety of different 
h^tens on a single particle. Further, the reversible disassembly process 
provides a means to generate particles that contain nucleic acids which may 
be immune stimulating (in order to further enhance the immune response), or 

2 0 v^ch may be useful for some other purpose (e.g. for genetic therapy). 

Native duck HBcAg pardcles are 32*34 nm pardcle composed of 
240 identical subunit monomers and are very similar in structure to those of 
human HBcAg. However, Applicants have found that duck HBcAg is not 
cross-reactive with woodchuck or human HBcAg antibodies. This is an 
25 important finding for two reasons: firstly, the use of duck HBcAg particles 
as hapten carriers would not interfere with curr^t protocols for detecting 
human HBcAg since no anti-human HBcAg antibodies would be graerated. 
Secondly, individuals vAdoh akeady have anti-hunuin HBcAg antibodies 
would still be able to be inununized with the duck HBcAg. This discovery 

3 0 thesrefore r^res^xts a significant advance in the development of particulate 

vapcine vehicles. 
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In preferred embodiments of the present invention, the primary 
amino acid sequences of the monomers which make up the particles of the 
present invention, and the nucleic acid sequences which encode them, are 
"derived from" duck HBcAg. Duck HBcAg monomers consist of 262 amino 
acids (shown in Figure 1, SEQ ID #1), with an assembly domain comprised 
of residues 1-200 and an arginine rich nucleic add binding domain consisting 
of residues 201-262. By ''derived ham'' we mean that the present invention 
encompasses particles composed of recombinant monomers whose 
sequences are identical to those of native duck HbcAg, and also of 
recombinant monomers with variations m both the amino acid and/or the 
nucleic acid sequences of duck HBcAg. For example, alternative cloning 
sites may be goxetically engmeered into fte nucleic add sequence for the 
purpose of moving the sequence into a vector, inserting haptens, amino 
acids substitutions may be made, etc. Any genetic engmewing possibility 
known to those of skill m the ait may be applied so long as the resulting 
monomers sdll retain the ability to function in the practice of the present 
invention. In particular, the duck hepatitis B core protein shown in Figure 1 
is able to assemble into a particle as shown in Figure S.lTie protdn and 
nucleic acid sequences corresponding to duck HBcAg may be modified by 
deletions, insertions, or substitutions as necessary in order to cany out or to 
optimize the practice of the present invention, and all such modifications are 
intended to be within tiie scope of the present invention. A modified protein 
derived firom duck hepatitis B core protein could include one or more 
haptens inserted into SEQ ID #1 (or the truncated versions shown m Figures 
1 7 and 1 9, or other truncated versions) and would have the ability to 
assemble into a particle as shovm in Figure 3. The methods for carrying out 
such genetic modifications are v^rell known to those of skill in the art 

In a preferred embodiment of the present invention, the monomer 
sequences are derived from a recombmant form of duck HBcAg known as 
BC-201D, the amino acid sequence of which is given in Figure 1 (SEQ ID 
#1). The nucleic acid sequence which encodes BC-201D is given in Figure 2 
(SEQ ID #2). The correspondence between the single letter code and the 
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amino adds or nucleic acid bases are given in Table 1 . 


TABLE !• Tabic of Correspondence Between Single Letter Code and 
Amino Acid or Nucleotide Base 


SYMBOL 

AMINO ACm 

Y 

L^osine 

Q 

glycine 

F 

L-phenylalanine 

M 

L- methionine 

A 

L-alanine 

S 

L-serine 

I 

L-isoleucine 

L 

L-leucine 

T 

L-tbreonine 

V 

L-valine 

P 

L-proline 

K 

L-lysine 

H 

L-histidine 

Q 

L-glutaraine 

E 

L-glutamic acid 


L-glutamic acid or L-glutaminc 

w 

L-tiyptophan 

R 

L-arginine 

D 

L-aspartic acid 

N 

L-asparagjne 

B 

L-aspartic add or L-aspaiagine 

C 

L-cysteine 

SYMBOL 

NUCLEOTIDE BASE 

A 

adenine 
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c 

cytosine 

0 

guanine 

T 

thymine 


Recombinant duck HBcAg when made in, for example, Escherichia 
coli spontaneously self-assembles into macromolecular core particles. With 
respect to obtaining particles for use m the practice of the present mvention, 
the means of generating appropriate quantities of particles and purifying 
them are well known to those of skUl in the art. See, for example, U.S. 
Patents Nos. 4,356^70 to Itskura and 4,563,423 to Munay et al, whose 
disclosures are incorporated herein by reference. 

In a preferred embodiment of the present invention, the particles of 
the present invention are produced in an Rcoli recombinant system. 
However, the particles may be produced by expression of the monomers in a 
variety of other recombinant expression systems. For example, yeast, insect 
cells (using for example, a baculovinis expression vector), plant cells (e.g. 
tobacco, potato, com, etc.), transgenic animals, or mammalian cell culture 
systems. Any appropriate expression system tibat correctly produces the 
particles of the present invention may be used in the practice of the present 
invention. Such systems and their use for tibic production of recombinant 
proteins arc well known to those of skill in the art 

In a preferred embodiment of the present invention, the particles will 
be comprised of monomers which have been genetically engmeered to 
contain one or more foreign (i.e. non-dudc) haptens. The haptens will be 
carried by the particle mto the host iq)on vaccination and thus presented to 
the immune system of the host. Examples of such foreign, non-duck haptens 
inchide but are not limited to haptens associated with double-stranded DNA 
or RNA viruses, single-stranded DNA or RN A viruses, intracellular 
parasites, fungi, bacteria and canccn Exemplary immunogens of particular 
importance are derived from bacteria such as A, pertussis, S. parathyphoid 
A and B, C diphtheriae, C tetanus, C botulinum, C perifringens, A. 
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anthracis, Apestis. V. cholera, N, gonorrhea, H. influenzae, T. palladium 
and the like; and immunogens derived fipom viruses such as polio virus, 
adenovirus, parainfluenza virus, measles, mun5)s. respiratoiy syncytial virus, 
influenza vims, equine cncephalomeilitis, hog cholera virus, Newcastle virus, 

5 fowl pox virus, rabies virus, feline and canine distemper virus, foot and 

mouth disease vinis, human and simian immunodefidency viruses, and the 
like; rickettsiae immunogen such as epidemic and endemic typhus, and the 
spotted fever gioups* and the like. Any h^ten that can be inserted into the 
monomeric subunits of the particles of tfie present invention and to which it 

0 is desirable to dicit an immune response, may be utilized in the practice of 
the present invention. The sequence of duck HBcAg is known, and the 
sequences of many appropriate haptens are known by those of skill in the 
art. as are the recombinant DN A tedmiques which are necessary for hsptjsa 
insertion. 

5 Several mefliods to confirm that the expressed particles contain the 

desired hapten are well known to those of skill in the art For example, the 
sequence of the monomer may be determined by any of several well-known 
methods of amino acid sequencing. 

In prefOTed embodiments of the present invention, a single copy of 

0 one hapten, several copies of one haptra, or copies of several different 
h^tens may be inserted into a single region or sevaal regions of the 
recombinant duck HBcAg monomer. The partide of the present invention is 
Aus a highly versatile vehide for the presentation of haptens, prodding 
extensive flexibility in the design of immunogenic particles. 

5 In preferred embodiments of the present invention, tfie regions into 

which the haptens may be inserted are those which, upon partide assembly, 
wiU elicit an immune response to the hapten. In aprefened embodiment of 
the present invention, the amino adds comprising the haptens are mserted in 
a manner such diat Aey replace an equal number of amino adds of the 

3 recombinant monomer. In other embodiments^ fewer or more or no 
recombinant monomer amino acids may be replaced by the h^en. In 
general, hapt^ of about 10 to 30 ammo acids in length may be efiBcaciously 
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inserted into a recombinant monomer. However, haptens of greater or lesser 
length may also be inserted. An inserted hapten (or haptens if more than one 
copy is inserted) will ultimately be flanked by amino-tcnninal and carboxy- 
terminal flanking sequences which correspond in sequrace to duck HBcAg 
protein, or sequences which have bee derived from duck HBcAg protein. In 
addition, more than one copy of a hapten may be inserted at a single site, or 
at different sites on the same monomer, or different haptens may be inserted 
in tandem at a single site, or different haptens may be inserted at different 
sites on the same monomer. Any length and combination of hqjtens may be 
inserted so long as the raonomar that is produced is able to assemble into 
particles which elicit an immune response. 

The selection of regions into which haptens may be inserted may be 
made hy comparison to the known primary sequence and three-dimensional 
structure of related hepatitis core antigen molecules, e,g. human HBcAg. 
See, for example, Bringas (1997) and Wynne, et al. (1999) for detailed 
discussions of human hepatitis virus core protein structure. Those of skill in 
flie art will recognize that several methods exist for the comparative 
alignment of functional domains of related proteins such as human HBcAg 
and duck HBcAg. 

In another preferred embodiment of the present invention, the 
particles of the present invention are comprised of monomers without a non- 
duck hapten. These particles may or may not contain nucleic adds. For 
example, a truncated form of duck HBcAg (t-duck HBcAg) from which the 
nucleic acid binding domain has been deleted, may be used as a general 
inmiune stimulatory agent (e.g. as an adjuvant) in and of itself. Further, 
particles comprised of monomers without a non-duck hapten may contain 
nucleic acids (either random nucleic acids from the recombinant host, or 
defined nucleic acids which are added during reassembly of the particles) 
and serve as a delivery mechanism for those nucleic acids. Defined nucleic 
acids may be delivered by the particle for the purposes of gene therapy or 
gene medicine, such as the delivery of anti-sense RNA. DNA sequences 
which encode a ther^eutic agent, and the like. 
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In Older to detennine whether a particle is stimulating 
response, a "stimulation index" may be measured. The stimulation index is a 
measure of tiie ability of a particle to effect an immune response and can be 
tested in various immune cell assays by measuring immune paiaineteis, eg. 
antibody forming capacity, nuniber of lymiduMiyte subpopulations, mixed 
leukocyte response, lymphocyte prolifendon, and the like. Hie stimulation 
of the immune response cata also be measured in an assay to detennine 
resistance to infection or tumor growth. Methods of measuring a stimulation 
index are weU known to Apse of skiU in the art For example, one assay is 
die incoiporation of ^ uridine in a murine B cell culture. TTie culture is 
contacted with lOjig of particle for 20 hours at 3TC and then pulsed with 
Hi uridine, 4 hours later cells are harvested and *H uridine incorporated into 
RNA is measured. The induction of secretion of a particular cytokine can 
also be used to assess the stimulation index. 'Wl^thout meaning to be bound 
by theory, for use in vivo (e.g. to treat a subject at risk of raqwsure to a 
pathogenic agent) it is important that the particle be capable of effectively 
inducing cytokine secretion by monocytic cells and/or natural killer (JtiK) 
cell lytic activity. In one method, the stimulation index of the particle vwA 
regard to B-cell proliferation is at least about 5, prefeiably at least about 1 0, 
more preferably about 1 5, and most preferable at least about 20, vMe 
recogniang that there are differ»ices in the stimulation index among 
individuals. 

Due to their high level of versatifity, flie particles of the present 
invention may be of several types. Firstly, they may be either "non-mosaic" 
or "mosaic" in nature. By "non-mosaic" we mean a particle containing a 
angle type of hapten. Tlie monomers which make vp non-mosaic particles 
may cany a siiigle copy of a hapten or two or more copies of tibe same 
hapten. Tha hapteD(s) may be inserted in a single region or in more than one 
region of the monomer. 

Mosaic paitides are particles which contain two or more different 
haptens. Mosaic particles may be eifli«- Intrinsic" or "extrinsic". Intrinsic 
mosaic particles are those composed of monomers in which two or more 
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different haptens are present on the same monomer Intrinsic mosaic 
particles may be generated by genetically engineering two or more dijBfeient 
haptens into a region or regions of a single monomer subunit 

Extrinsic mosaic particles are those contaming two or more dififeient 
5 haptens in which the different haptens are present on different monomers, 
and the particle is formed from a mixture of such monomers. One means of 
generating such extrinsic mosaic particles is to produce two or more 
different non-mosaic particles (or two or more different mosaic and non- 
mosaic particles), disassemble them into monomers, mix the monomers and 

1 0 allow them to reassemble into particles. Each reassembled particle will be 
comprised of a mixture of monomers of each type and wiU thus display a 
mixture of haptens. 

The development of the extrinsic mosaic particles of the present 
invention was made possible by the discoveiy by Applicants that 

1 5 recombmant duck HBcAg particles can be reversibly disassembled under 
mild, non-denaturing conditions. This discovery allows the relatively facile 
production of a wide variety of extrinsic mosaic particles containing from 
one to several hundred different haptens per particle for presentation to the 
immune system. In this way, the particles of the present invention may be 

20 used to unmunize against a plethora of quasispecies in a single 

immunization. This is a significant improvemait over previous hapten 
carriers. 

The reason that recombinant duck HBcAg particles can be 
disassembled under mild conditions is that the monomers have only a single 
25 cysteine residue and it is present in the free, sulfhydryl form. In contrast, 
human HBcAg monomers arc connected to one another in the particle by 
numerous disulfide bonds, regmring harsh conditions to disassemble the 
particle. 

The ability to disassemble and reassemble the particles of the instant 
3 0 invention provides a way of carrying out another facet of the present 

invention. Recombinant duck HBcAg monomers have an intrinsic ability to 
bind nucleic acid molecules as a result of possessing a nucleic acid binding 
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domain (arginine rich amino add residues 201-262). The natural function of 
the nucleic add binding domain is to aUow Hepatitis B vind paitides to bind 
and "package" their own genetic material and thus transport it fiom ceD to 
ceU and fiom host to host during an infection. TTie particles of the present 
5 invention, when isolated fiom. for exan^le, an £co// recombinant 
ejcpression system, cany within themselves a short, heterogeneous 
population of random nucleic adds fiom the bacterial host Tlie particles of 

the present invention may be disassembled, the monomers may be separated 
fiom the host nucldc acid, and the monomers may then be reassembled in 
10 the presence of a different nucleic add of choice. The nuddc add of choice 
will be bound by the monomers and "packaged" into the reassembled 
particle. 

The particles of the present invention may be reassembled to contab 
aiiy nucldc acid of choice. Examples of such nucldc acids include but ai« 
not limited to single- and/or double-stranded DNA and/or RNA, (or 
DNA/RNA hybrids) . The nucldc adds may be delivered for any 
therapeutic purpose, for example, in order to be transcribed or translated 
into a therapeutic entity, or to bind to other nucldc acids already present in 
the body in order to enhance or prevent the transcription or translation of 
those nudeic adds. For use in the instant invention, the nucleic adds can be 
synthesized de novo using any of a number of procedures vwU known in the 
art. For example, the P-tyanoethyl phosphoramidite method (Beuacage and 
Caruthers, 1 981); nucleoside H-phosphonate method (Oaregg et al, 1986; 
Froelder et al., 1986; Garegg er al, 1986; and Gafbey et al.. 1988). Hiese 
diemistries can be performed by a variety of automated oligonudetide 
synthesizers available in the market. Altemativdy, oligonucleotides can be 
prepared fiom existing nuddc add sequences (e.g. genomic or cDNA) usmg 
known techniques, such as those employing testrictioo enzymes, 
cxonucleases, or endonucleases. 

For use in vivo, nucldc adds are preferably resistant to degradation 
(e,g. via endo- and exo-nudeases). Secondaiy stnictures, such as stem 
loops, can stabilize nucleic adds agdnst degradation. Alternatively, nucldc 
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acid stabilization can be accomplished via phospbate backbone 
modifications. A preferred stabilized nucleic acid has at least a partial 
phosphorotiiioate modified backbone. Phosphorothioates may be 
syntiKsized using auMimated techniques employing cither phosphoramidate 
or H-phosphonate chemistries. Aryl- and alkyl-phosphonates can be made, 
eg. as described in U.S. Patent No. 4.469.863; and alkylphosphotriesters (in 
which the charged oxygen moiety is allgrlated as described in U.S. Patent 
No. 5,023.243 and European Patent No. 092,574) can be prq)ared by 
automated soUd phase synthesis using commeiciaUy available reagents. 
Methods for making olherDNA backbone modifications and substitutions 
have been described (Uhhnann and Peyman. 1 990; GoodchUd, 1990). 

The nucleic acids can include tiie use of phosphotiiioate or 
pho^hodithioate tanber than phosphodiesterase linkages witiun the 
backbone of tiie molecule, or metiiylphosphorotiuate temunal linkages 
(Kreig et al., 1996; Bogg, et al.. 1997). The phosphate backbone 
modification can occur at tiie 5' end of tiie nucleic acid, for example at tiie 
first two nucleotides of tiie 5' end of tfie nucleic acid. The phosphate 
backbone modification can occur at tiie 3' end of tiie nucleic acid, for 
example at tiie first two nucleotides of tiie 3' aid of tiie nucleic add. 
Nontraditional bases such as inosine and queosine, as well as acetyl-, tiiio- 
and similarly modified forms of adenine, cytidine, guanine, tiiymine and 
uridine can also be mcluded, which are not as easily recognized by 
endogenous endonucleases. Otiier stabilized nucleic acid molecules mdude: 
nonionic DNA analogs, such as alkyi- and aryl phosphonates (in which tiie 
charged oxygen moiety is alkylated). Niicleic acid molecules which contain a 
diol, such as tetrahyleneglycol or hexaelhylen^lycol, at eitiier or botii 
temuni, are also mcluded. The term "oligonucleotide" includes bofli single 
and double stranded forms of DNA. 

In a preferred embodiment of the presem invoition, tiie particles of 
tiw present invention will be reassembled to contain immune stimulating 
nucleic adds. Sudi immune stimulating nucleic adds have been recentiy 
described (Qurson and Raz, 1997; Davis et al., 1998; Kreig et aL. 1995; 
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Lipfotd et al, 1997a; Lipfoid et al, 1997b; Pisetsky, 1996; Spaiwasser est 
aL, 1997; Sparwasser et a!., 1998; Stacey et al., 1996; Sun et al., 1998; and 
Zimmennan al, 1 998). DNA was first described as an immune stimu]at(«- 
when it was observed that bacterial DNA caused zegresston of transplantable 

5 tomoisjRv/vowilfaom direct timiorcTtotoxtdty. This tumor resistance 
induced by DNA resulted from increased natural killer (NIQ cell activity. 
NK activity could be stimulated by DNA from a variety of bacterial souices 
but not by mammalian DNA, indicating that base modifications and/or 
nucleotide sequence, rather than the DNA backbone, is the critical mediator 

0 of NK stimulati(»i. Studies assessing the immune stimulatoiy activity of 

randomly chosm oligonucleotides indicated ttiat a defined motif <RACGTY, 
v»*ere R = AorGandy = CorT) caused a potent induction of NK cells. 
With respect to m a mm a lim DNA, this sequence is under-represented and 
whoi this sequence is found in mammalian DNA, it is masked by 

5 modification. Experiments have determined that oligonucleotides with these 
modified sequences have no NK or other immune stimulatoty activity. The 
mechanism of immune stimulation by these nucleic acids is as yet unknown. 
It is known that the production of cytokines IL-12, TNF-ti, IL-6, and IL-1 
in antigen presenting cells (APC) is stimulated. Initial smdies indicate that 

0 the mdividual levels ofthcse<tyti&ines can be modulated by changmg the 
sequence surrounding the defined immune stimulating motif! 

The use of immune stimulating nucldc adds in vacdnes has been 
previously described. For example. United States Patent 5,723^35 to 
Hutcheison et al. and PCT International AppUcation Publication Number 

5 WO 98/40100, both ofwhich are incorporated herein by reference, describe 
Ae use of immunopotentiating nucleic adds to onhance immune responses 
to vacdnes. However, the delivety mechanism is simply to inject the nuddc 
acids along with other vaccine components, a method \**idi may not deliver 
sufficient quantities of nucleic adds in an effiradous manner. 

) Bacterial DNA q>pears to enter immune cdlslty bulk phase 

enitocytosis or protottytosis \n*ere it is Aen processed by antigen presenting 
cells. Antigoi presenting cells appear to process the partides of the present 
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invention either by bulk phase endocytosis or receptor mediated endocytosis. 
By including the immune stimulating nucleic adds as an intrinsic part of the 
particle, they will be carried into the host in concentrated form and 
processed directly by antigen presrating cells, mflylmi^ng their effect as 
5 adjuvants. 

In aprefbred embodiment of the present invention, the immune 
stimulating nucleic acids will be characterized by oligonucleotides with ihe 
base sequence 5'-RACGTY-3' (SEQ ID #20) surrounded by i9> to 20 
nucleotides on either side. Preferably the immune stimulatoxy 

10 oligonucleotide is in tfie range of about 8 to 30 bases injsize. For use in the 
instant invention, the nucleic acids can be comprised of various modified 
bases as listed above, and synthesized de novo using any of a number of 
procedures well known in the art as listed above. For example, International 
Patent AppUcation WO 95/26204, entitled "Immune stimulation by 

15 phosphorothioate oligonucleotide analogs" reports the nonsequence-specific 
immunostimulatory effect of phosphorothioate modijBed oligonucleotides. 
Alternatively, CpG dinucleotides can be produced on a large scale in 
plasmids (Sambrook et al., 1 989) which after being administered to a subject 
are degraded mto oligonucleotides. Oligonucleotides can be prepared from 

2 0 existing nucleic acid sequences (e.g. genomic or cDN A) using known 

techniques, such as those employing restriction en:^es, exonucleases, or 
endonucleases. 

The immune stimulatory nucleic acids may stimulate cytokine 
production (e.g. IL-6, IL-12, IFN-y, TNF-a and GM-CSF). Exemplary 
2 5 sequences include but are not limited to; 

TCCATGTCGCTCCTGATGCT (SEQ ID #3) 
TCCATGTCGTTCCTGATOCT (SEQ ID #4) 
TCGTCGTTrrGTCGTnTGTCGTT (SEQ ID #5) 
The immune stimulatoiy nucleic acids may stimulate natural killer 
30 cell (NK) lytic activity in a subject. Spedfic but nonlimiting examples of 
such sequences include: 
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TCGTCOTTGTCGTTGTCGTr (SEQ ID #6) 
TCGTCGTTTTGTCGTnTGTCGTT (SEQ JD #7) 
TCGTCGTTGTCGTTTTGTCGTT (SEQ ID #8) 
GCGTGCGTrGTCGTTGTCGTT (SEQ ID #9) 
TOTCGTTTGTCGTTTGTCGTT (SEQ ID #10) 
TGTCGTTGTCGTTOTCGTT (SEQ ID #1 1) 
TCGTCGTCGTCGTT (SEQ ID #12). 
The immune sdmidatocy micleic acids may stimulate B cell 
proliferation. Specific^ but nonlimiting examples of such sequences include: 
TCCTGTCGTTCCTTGTCGTT (SEQ ID #13) 
TCCTGTCGTTTTTTGTCGTT (SEQ ID #14) 
TCGTCGCTGTCTGCCCTTCIT (SEQ ID #15) 
TCGTCGCTGTTGTCGTTTCTT (SEQ ID #16) 
TCGTCGTITrGTCOTTTTGTCGTT (SEQ ID #17) 
TCGTCGlTGTCGrnTGTCGTT (SEQ ID #18) 
TGTCGTTGTCGTTGTCGTT (SEQ ID #19). 
Any appropriate immune stimulating nucleic acid may be utilized in the 
practice of the present invention. 

The present inv^ition provides a method for the disassembly and 
reassembly of the particles of the preset invention under relatively nuld, 
physiological conditions. In general, the mettiod entails 1) pnwiding 
particles comprised of a plurality of nucleocapsid protein monomers^ the 
primary amino acid sequences of vdiich are derived bom dude hepatitis B 
virus, wfaofein said plurality of monomers are assembled to form a particle; 
2) exposing the particles to a charged agent; and 3) removing the charged 
agent Upon removal of the diaiged agmt, the monomers spontaneously 
reassemble into particles. A prefened embodiment of the method is as 
follows: Particles may be isolated from a recombinant expres^on system 
a simple four-step method. For example, cells are pelleted by c^itiiiugation 
and ly sed by a Fiench press. Ammonium sul&te is added to 277g/L. 
Precipitated material is collected by c^itrifugation and resuspended in 
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phosphate buflfer and dialyzcd against phosphate buffer overnight The 
resulting dialysate is applied to a hydroxy^tite column and washed with 
phosphate buffer until the optical density at 28Qnin is below 0.1. 277 g/L of 
ammonium sulfate is added to the pooled fractions and the precipitate 
collected hy centrifugation. The resulting pellet is rcsuspcnded in minimal 
buffer and applied to a Sepharose-CL4B size exchision chromatogr^hy 
column. Peak fractions representing the particles are determined by SDS- 
PAGE and pooled. The particles are resuspended in neutral buffer (e.g. 
20mM Tris HCl, pH 7.0) and high (0.1 to 1 M) divalent cation 
concentrations, such as Mg^^ Zn"^ Ba*^, Ca*^ Pb*^ and Sr*l The particles 
are allowed to dissociate into monomers (wiA gentle mixing) fi)r 
^proximately 1 hour and the progress of dissociation may be monitored by 
Fast Protein Liquid Chromatogmphy (FPLC) Sepharose-CL4B size- 
exclusion column diromatography, or native agarose gel electrophoresis. 
Ribonuclease A may be added to remove nucleic acids (e.g. recombinant 
host nucleic adds) vMch were contained within the particles as originally 
isolated. Reassembly is effected in the following manner For the truncated 
form of duck HBcAg (t-duck HBcAg), from which the nucleic acid binding 
domain has been deleted, reassembly and particle foraiation occurs upon 
simple dialysis against an appropriate buffer plus 100-200mM NaCL The 
non-truncated fomi of duck HBcAg reassembles only in the presence of 
nucleic acids. Thus, the monomers may be mixed with the nucleic acid of 
dhoice, dialyzed against an appropriate buffer, upon which dialysis 
reassembled particles containing the nucleic acid are formed. In a prefored 
embodiment of the present invention, the molar ratio of nucleic acid to 
monomer is about 1:1. Exogenous DNA which was not mcorporated into 
the reassembled particles may be removed by size^xclusion column 
chromatography. Those of skiU in the art will recognize Aat many minor 
variations in the practice of the method of the present invention may be 
tmdertaken wi&out significantly altaring the outcome of the method For 
example, the procedure m^ be '^scaled up" or "scaled down" for production 
purposes. In addition, some variations may be beneficial for optimizing the 
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procedure for a particular monomer type, e«g. variations in ionic strength, 
pH, exact ratio of nucleic add to monomer, and the like. AU such vaiiations 
and optimizations are inchided m tibe scope of the method of the present 
invention. 

The disassembly/reassembly process is illustrated in Figure 3. In this 
figure, a particle 10 is conqnised of duck HBcAg monomers 1 1 contamii^ a 
hapten specific for, for example, pertussis, and aparticle 20, is comprised of 
duck HBcAg monomers 21 containing a hq>ten specific for, for example, 
polio. Particles 10 and 20 are exposed to a charged agrat (e.g. a divalent 
cation) upon which exposure particles 10 and 20 disassemble into monomers 
1 1 and 21. Unwanted nucleic acids which were contained within the 
particles may be removed, for example, by the addition of a nuclease. After 
removal of the nuclease, specific nucleic acids 30 may be added to the 
mixture of monomers 1 1 and 21. Upon removal of the charged agent, tfie 
monomers 1 1 and 21 reassemble to fomi an extrinsic mosaic particle 40, 
which contains nucleic acids 30. 

In another aspect of the present invention, the foreign, non*duck 
hapten(s) may be attached to the pardcle rather than genetically engineered 
into the monomer sequence. The incfividual polypeptide haptens (for 
example a polypeptide, carbohydrate, and the like) can be operatively linked 
to the particle through an amino acid residue side chain to form an 
immunogenic conjugate, le. a branched-chain polypeptide and/or 
polypeptide/carbohydrate polymer. Such particles are to be considered 
''derived fiom** dude HBcAg as desoribed above and are contemplated for 
use within the practice of this invention. 

Hie present invention provides particles for use in eliciting an 
immune response in a host. In a preferred embodnnent of the present 
invention, the particles may be used as a vaccine in the classical sense, Le. 
prophylactically in order to prime the host immune system prior to eaqposure 
to a disease causing entity. In yet another preferred mibodiment of the 
present invention, tfie particles of tfie present invention may be used 
therapeutically, i.e. to boost the immune response of a subject agamst a 
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pathogen which has already infected the subject, for example inthe case of 
HIV infection. 

ITie present invention also provides a composition for use in eUdting 
an immune response comprising the particles of the present invention. The 
preparation of such compositions for use as vaccines is well known to those 
of skill in the art. TypicaUy, such compositions are prepared either as liquid 
solutions or suspensions, howwer solid fomis such as tablets, pills, powders 
andthelikeaieabocontempUited. Solid forms suitable for solution in, or 
suspension m, liquids prior to administration may also be prepared. TTie 
preparation may also be emulsified. The active ingredients may be mixed 
with excipients which are phannaceutically acceptable and compatible with 
Uie active ingrediems. Suitable excipients are, for example, water, saline, 
dextrose, glycerol, etfaanol and the like, or combinations thereof. In addition, 
the composition may contain minor amounts of auxiUary substances such as 
wetting or emulsifying agents. pH buffering agents, and the like. In addition, 
the composition may contain other adjuvants. If it is desired to administer an 
oral form of the composition, various thickeners, flavorings, dUuents, 
emulsifiers, dispersing aids or binders and the like may be added. The 
composition of the present invention may contain any such additional 
ingredients so as to provide the composition in a form suitable for 
administration. The final amount of active ingredient in the formulations may 
vary. However, in general, the amount of active ingredient (particles) in the 
formulations will be from 1-99%. 

The present invention also provides a method for eliciting an immune 
response in a subject, comprising administering to said subject an effective 
amount of a composiUon comprising the particles of the present invention. 
By effective amount we mean an amount of the composition of the present 
invention necessary to prevent, cure or at least partiaUy anest the symptoms 
of the subject The subject may be any vertebrate, for example, any 
m a mmalian (e.g. human) or avian species. The exact amount of the 
compound to be administered wiU vary fipm subject to subject and may 
depend on, for example, weight, gender, age, overall physical condition, and 
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the like. Such variables well und^^od by those of skill in the art and are 
best assessed by skilled practitioners in the ait 

The compositions of the present invention may be administered in 

any of a variety of ways which are wefl knovm to ftose of skiU in the art and 
include but are not limited to: parenterally (e.g. subcutaneously or by 
intradennal or intramuscular injection), orally, optbahnically, vagmally, 
rectally , intranasally, transdemMlly, and the like. Any appropriate method of 
administration may be utilized in Ae practice of the present invration so 
long as the compositions are delivered in an effective manner. 

The following examples illustrate are given in onler to illustrate 
several aspects of the invention, and should not be interpreted in any way to 
restrict the applications of the invention. 

EXAMPLES 
Materials 

Duck HBcAg particles: Dude HBcAg particles were obtained from an E. 
coli recombinant expression system. The duck HBcAg particles have the 
amino acid sequence depicted in Figure 1 (SEQ ID #1) and may contain a 
heterogeneous population of host-derivcd nucleic adds. The duck HBcAg 
(1-239) particles have the amino acid sequence depicted in Figure 17 (SEQ 
ID #21) and the nucleic acid sequence depicted in Figure 18 (SEQ ID #22). 
The t-dudc HBcAg particles have the amino acid sequence depicted in 
Figure 19 (SEQ ID #23) and the nucleic acid sequence depicted in Figure 20 
(SEQ ID #24). t-4uck HBcAg CHruncated^ duck HBcAg) particles are 
composed of monomeric subunits in which tiie nucleic add binding domain 
has been deleted by genetic enginemng. 

Methods 

Quantization of specific RNAs. Specific RNAs produced by J774A.I 
macrophage cells were quantified after exposure to dififerent types of stimuH: 
1) duck HBcAg particles vdiich contained nucleic acids or 2) t-duck HBcAg 
partides which do not contain nucleic acids. Cells were treated with lOjig 
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of either duck HBcAg or t-duck HBcAg and total RNA was isolated fiom 
duplicate samples at various time points. Total RNA was reverse transcribed 
using random hexamCTS, and PGR was then performed m the linear range 
using gene specific primers. PGR products were analyzed by gel 
electrophoresis and quantified by densitometoy . Prior to use, recombinant 
protems were treated with Triton X- 1 1 4 three times to remove 
lipopolysaccharide contaminants. 

Quantization of 11^12: Captxm ELISA was used to determine IL-12 p70 
protein in cell culture media and cell extracts with R&D ELISA kit IL- 12's 
biologically active form is a heterodimeric disulfide linked glycoprotein 
consisting of p35 and p40 subunits. IL-12 is produced by activated antigen 
presenting cells including macrophages, dendritic cells, and B cells. 
FoUowing activation p40 expression is induced and translated. The resulting 
p40 protein binds to the constitutively expressed p30 subunit and is secreted 
to perform various biological functions. A capture ELISA was used to 
determine the concentration of IL-12 secreted by dendritic cells and secreted 
and located intracellularly in J774A.1 macrophages following treatment with 
increasing amounts of duck HBcAg, Microplates (12 strips of 8 wells/plate) 
coated with an antibody to capture IL-12 p70 were incubated with cleared 
cell culture media or cell extracts following an 1 8 ho\ir exposure to duck 
HBcAg. This mixture was allowed to incubate for 2 hours. Following 
incubation wells were washed 5 times with wash buffer. Following washing, 
buffer containmg an anti-p70 antibody conjugated to horse radish p»oxidase 
which binds to a separate binding motif than the c^ture antibody, is added 
and incubated for 2 hours at room temp. After incubation the wells arc 
washed once again S times. A colorimetric substrate that reacts with the 
horse radish peroxidase is added for 30 minutes at room temperature, in the 
dark. After 30 minutes an acidic solution is added to termmate the reaction. 
Hie absorbance of each sanqple is tiien measured at 4S0nm and conected at 
S40nm. Results are compared to standard reactions pdformed at the same 
time under the same conditions and are given m the units pg/ml. 
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Mow cytometry: Cell madcers CD4+, CD8+, Ly-6A/E and B7-2 were 
monitored by flow (^metty in fte following manner 
Cell Culture: J774A.1 ccDs were split to 500,000 cells per well one dsjf prior 
to the experiment. On the day of the experiment LPS-free duck HBcAg was 
5 added directly to the cell culture media to the etppiopriate concentration and 
allowed to incubate with the cells for IB hours. At 18 hours ceils were 
dislodged by pipetting, centiiiuged at SOOxg for 10 minutes and then wstshed 
3 times in phosphate buffered saline. Cellsaretfaenincubated with 10 ligM 
Mouse IgG in phosphate buffered saline (PBS) with 1% bovine serum 

10 albumin (BSA) to block Fc receptors. Fiuorocein isothiocyanate (FTTC) 

conjugated primary antibodies against mouse B72 (CD86), H-2k^ (MHC-I), 
I-A** (MHO-n); Ly6A/E and Ly6/C were added respectively and incubated 
30 minutes at 4*^0. Fluoroscein isotype matched non-specific antibodies were 
used as the negative control. At least 10' cells were collected for data 

15 analysis. Cells were pelleted by centrifiigation and non-bound antibody was 
washed away with three washes with PBS with 1% BSA. Cells were thai 
resuspended in FACS buffer and cell surface markers quantified by Beck- 
Dickson FACscanner. Similar methods were used for spleenocytes except 
the antibodies against mouse CD8-RPE and CD4-RPE (R-phycocrythrin) 

2 0 wm also included. 

Quantization oflgQ titer, both toted and isotypic : Mice were immunized 
with lipopolysaccharide fiee duck HBcAg (0, 1 or lOjig) without adjuvant 
At 10 days, 24 days^ and tfaa 14 days following secondary immunization^ 
blood was drawn and tested for duck HBcAg antibodies. Approximately 
25 lOOulofblood was drawn by retro-oibital puncture. Following the bleed 

samples were allowed to clot Clots were removed by centrifiigation and the 
resulting serum contained the IgG fiaction. Serum san^les were serial 
dilutedfiom 10(1) to 10(6). 

ELISA plates coated with duck HBcAg protein (in the particulate 

3 0 form) were prepared by incubating commercially available ELISA plates 


with duck HBcAg protein in bicarbonate buffer ovenright at room 
temperature. Plates were washed 5 times with washing buffer then blocked 
for non-specific binding with bovine serum albumin (BSA) for two hours at 
room tempeiature. Plates were washed 5 times with washing buffer and 
stored at 4''C prior to use. 

lOOul of dihited serum samples were incubated withpre-coated 
plates for 2 hours at room tranperature. FoUowing inraibation, wells were 
washed 5 times wifli wash bufiRar. Following washing, buffer containing a 
rat anti-mouse IgO anUbody conjugated with horse radish peroxidase is 
added and incubated for 2 hours at room temp. After incubation the wells 
are washed once again 5 times. A colorimetiic substrate that reacts with the 
horse radish peroxidase is added for 30 minutes at room temperature, in the 
dark. After 30 minutes an acid stop solution is added and the reaction is 
terminated. The absoibance at 450nm of each sample is then measure at 
4SQnm and conected at S40nm. Results are compared to standard reaction 
performed at the same time under the same conditions and are given in the 
units of relative titers. 

For isoQ^e specific assay, rat anti-mouse antibody specific for the 
antibody isotype was used instead of the general lat anti-mouse antibody. 
All othor conditions remained the same. 

Method for disassembling and reassembling duckHBcAg. duck HBcAg(l- 
239) and t-duck HBcAg 

It has been discovered that duck HBcAg, duck HBcAg(l-239) and 
t-duck HBcAg particles can be reversibly assembled between the monomeric 
and particulate forms. This process may be carried out under non-denaturing 
conditions in neutral buffer (e.g, Tris HQ pH 7.0) and high concentrations 
(e.g. 0.1-1 M) of divalent cations sudbias Mg*^ Zn*\ Ba'^ Ca*', Pb** and 
Sr*l The particles as isolated firan the recombuiant expression system are 
allowed to dissociate into mcmomers (with gmtle mixmg) for approximately 
I hour and the progress of dissociation is monitored by FPLC (Pharmaica) 
Sepharos&<X4B size-exchision column chromatography, or by native 
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agarose gel electrophoresis. Ribonuclease A (e.g. 7.5 |igAnL) is added to 
TCTiove recombinant host nucleic adds which were contained in the particles 
as isolated Reassembly is efifected in the following mannen The non*nucleic 
acid binding t-duck HBcAg monomers can reassemble by simple dialysis in 
5 neutral buffer containing 1 0(K20QmM NaCl. The duck HBcAg and duck 

HBcAg(l -239) monomers are dependent iqpon the presence of nucleic adds 
for appropriate reassembly. The monomers are mixed with tiie nuddc add 
of choice and dialyzed agamst neutral bufifer, upon wUdi dialysis 
reassembled particles containing the nucleic add are formed The prefisrred 
1 0 molar ratio of monomer to oligonucloetide is 1 : 1 . Exogenous DMA which is 
not incorporated into the reassembled particles may be removed by size- 
exclusion column diromatography. 


£XAMPLE 1. Induction of cytokines in vitro 

Experiments were conducted as described in Methods in order to 
15 determine which, if any, cytokines were induced by the exposure of J774A.1 
macrophage cells to recombinant duck HBcAg and t-duck HBcAg. The 
results are given in Figure 4. As can be seen, increased transcription of the 
THl- type cytokines IL-la, ILr6 and IL-12 was induced by both duck 
HBcAg and t-duck HBcAg, indicating that the core protein is responsible 
20 for the induction of a TH 1 cytokine profile. 

EXAMPLE 2. Induetion of IL*12 p70 protdn production. 

Experimrats were conducted in ydtro to determine whether Hbs 
addition of duck HBcAg and t-4uck HBcAg to J774A.1 macrophage cells 
and the addition of dude HBcAg to mouse bone marrow-gmeraied dendritic 

25 cells induced production of IL-12 p70 protein. Analysis of the quantity of 
IL-12 p70 in tiie cell culture media and cell extracts was carried out as 
described in Methods and the results are givea in Figures 5A, SB and 6. As 
can be seen^ exposure to duck HBcAg and t-duck HBcAg for 72 hours 
increased the concentration of IL-12 in the culture medium (Figure SA) and 

30 m the cells themselves (Figure SB) of J774A.1 macrophage cells. Exposure 
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of mouse bone marrow-generated dendritic cells from both BALB/C and 
BIO mice to duck HBcAg for 24 hours resulted in an increase in IL-12 in the 
culture medium (Figure 6). This response is consistent with the induction of 
a THl-type immune response. 


5 EXAMPLE 3. Analysis of ceU markers on J774A.1 macrophage cells. 

Experiments were Conducted In vitro to determine vidiether the 
addition of duck HBcAg and t^iuck HBcAg to J774A.1 macrophage cells 
could induce the presence of cell markers MHC-I, MHC-II, Ly-eA/E and 
B7-2. These cell surface markers arc directly implicated in a THl type 
1 0 immune response. The presence of cell maricers was determmed by ilow 

cytometry as described in Methods. The resiihs are given in Figure 6. As can 
be seen, the data showed that each type of cell surfece antigen was 
upregulated after treatment with duck HBcAg for 18 hours, indicating that 
macrophages can be stimulated by duck HBcAg and t-duck HBcAg. 

15 EXAMPLE 4» Immunogenicity of duck HBcAg. 

ITie immunogenicity of duck HBcAg was tested by determining the 
total IgG titer for duck HBcAg in the following manner: two strains of mice, 
BIO and BALB/C, were immum'zed as described in Methods. The results are 
given in Figure 7. As can be seen, both BIO (Figure 7A) and BALB/C 

2 0 (Figure 7B) mice generated antibody titers greater than 1 0^ indicating that 
duck HBcAg is highly immunogenic. Further, tiie isotypc of the IgG 
fraction, depicted in Figure 8, shows a THl bias via the production of 
IgG2a, IgG2b and IgG3. Of particular importance is the fact that BALB/C 
mice showed a THl bias even though their genetic background is normally 

2 5 biased for a TH2 immune response. 
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EXAMPLE 5. Anaiysia of cell markers on spleenocytes. 

Followiiig the tetminal bleed, spleenocytes were obtaioed ftom the 
BIO mice and cultured with l|lg of duck HBcAg for 24 hours. Flow 
cytometiy (as described m Methods) was used to monitor cell markers 
CD4+, CD8+, Ly.6A/E and B7-2. The results are presented in Figure 9. As 
can be seen, both the l|ig and lOjlg immunized mice had substantial 
mcreases in the presence of these cell markets over control cells fiom non- 
immunized mice, indicating a strong T-cdl response. 

EXAMPLE 6. Demonstration of lack of erossreactivity of duck HBcAg 
with homan and woodchnck HBcAg. 

Experiments were conducted as described in Methods in order to compare 
the erossreactivity of duck, woodchuck and human HBcAg. As can be seen 
in Figure 1 1 A. woodchuck antibody displays extensive erossreactivity with 
human HBcAg and no erossreactivity with duck HBcAg. Likewise, human 
HBcAg antibody displays extensive erossreactivity with woodchuck HBcAg 
and no erossreactivity with duck HbcAg (Figure 1 1 A). 


les. 


Example 7. Disassembly and reassembly of duck HBcAg particle 

Experiments were conducted in order to show that the duck HBcAg 
particles could be successfuUy disassembted and reassembled. Duck HBcAg 
(1 mg/mL) was incubated at 37 'C with 03 M MgCl^ 7.4 ug/mL Rnase A, 

or both. After 30 minutes each san^le was dialyzed against Tris buffered 
saline (TBS) for 4 horns and analyzed by native agarose electrophoresis. 
Treatment with magneshun and subsequent dialysis resuhed in reassembly of 
the treated protein into particles that co-migrated (Figure 12, lane 2) with 
the duck HBcAg standard (Figure 12, hme 1). Treatment with Rnase A 
alone did not alter the dectrophoretic mobility of duck HBcAg (Figure 12, 
lane 4). suggesting that Rnase A alone has no apparent effect on the duck 
HBcAg pardde. However, treatment with both Rnase A and MgClj resuhs 
in quantitative removal of a band co-migrating with the duck HBcAg 
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Standard (Figure 12, lane 3). This suggests that in prescaice of the divalent 
(jation Rnase A can catalyse the hydrolysis of the ribonucleic acid in the 
particle, i.e. the particle is disassembled, and that nucleic acid is required for 
the reassembly of the disassociated duck HBcAg. Similar experiments were 
conducted in which Rnase A/ MgClj treated duck HBcAg were 
supplemented with exogenous DNA and tRNA during the dialysis step. No 
reassonbled particles were detected hy these methods. 

Example 8. Disassembly and reassonbly of duck HBcAg(l-239) 
particles. Duck HBcAg (1-239) was analyzed by the same method 
described in Example 7. Identical results were obtained and arc given in 
Figure 13. Treatment wife magnesium and subsequntt dialysis resulted in 
reassembly of the treated protein into particles that co-migrated (Figure 13. 
lane 2) with the duck HBcAg(l-239) standard (Figure 13. lane 1). 
Treatmart witfi Rnase A alone did not alter the electrophoretic mobility of 
duck HBcAg(l-239) (Figure 13, lane 4), suggesting that Rnase A alone has 
no apparent effect on the duck HBcAg(l-239) particle. However, treatment 
wiA both Rnase A and MgClj results in quantitative removal of a band co- 
migrating with die duck HBcAg(l-239) standard (Figure 13, lane 3). This 
suggests that in the presence of the divalent cation Rnase A can catalyse die 
hydrolysis of the ribonucleic acid in the particle, i.e. the particle is 
disassembled, and that nucleic acid is required for reassembly. 

However, in contrast to results obtained with fiill lengfli duck 
HBcAg. the addition of exogenous DNA to Rnase A/ N^Cl, treated duck 
HBcAg( 1-239) supports re-assembly of dissociated monomers mto nucleic 
acid containing core structures. This is illustrated in Figures 14 and 15. 
Figure 14, Lane 1 shows duck HBcAg(l-239) which has been treated with 
both Rnase A and MgClj and dialysed vs. TBS. Figure 14, Lane 2 shows 
duck HBcAg(l-239) which has been treated with bofli Rnase A and MgCl, 
and dialysed vs. TBS and to which exogenous oligcmudeotides were added 
prior to dialysis. As can be seen, a band migrating at Oe poation of control 
duck HbcAg(l-239) (lane 3) can be seen, indicating particle reassembly in 
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fte presence of exogenous oligonucleotides. These results are further 
illustrated in Figure IS. Lane 1 of Figure 15 shorn control duck HbcAg(l- 
239). Lane 2 of Figure IS ^ows duck HbcAg(l-239) vAdoh has been 
treated with both Rnase A and MgClj and dialysed vs. TBS, and to whidbi 
5 exogenous oligonucleotides were added prior to dialysis. As can be seen» a 
band migrating at the position of control duck HbcAg(l-239) (lane 1) can be 
sem, indicating particle reassembly in the presence of exogenous 
oligonucleotides. 

Example 9. Rc*assembly of duck HBcAg(l-239) vnUi exogenous nucleic 
1 0 acid was confirmed by chromatography on Sepharose 4B. Hie results are 
shown in Figure 1 6, where peak 2 of 16A represents duck HBcAg(l-239) 
native core peak. (Peak 1 is breakdirough material representing large 
molecular weight bacterial aggregates). Peak 3 of 1 6B corresponds to 
disassociated core monomers (after exposure to divalent cations) and Peak 4 
15 is exogenous DNA. Peak 5 of 16C corresponds to duck HBcAg (1-239) 

core particles ^ch have reassociated after removal of divalent cations and 
addition of exogenous DNA; peak 6 represents unincorporated exogenous 
DNA. 
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CLAIMS 

Wedaim: 


2 M«»>om«sn^thepriaiaiysequeiMM»ofw^ 

3 B virus, \vhi!rransakiphiia% of monomers are assemble 

4 particle. 

1 2 (^position of daimlMdierein at least a fiistp^ 

2 Ducleocapsidprnteininonamas include a first haptni. . 

1 3. Hw composition of claim 2 wheiein at least a second portion of said 

2 n'»cJe«»Prfdp«»tBinmonomerainchides a second hapten differs 

3 first hapten. 

1 4. The composition of claim 1 wherein said particle includes a nudeic acid. 

1 5. The composition ofclaim 2 wherein said particle inchides a nucldc acid. 

1 6. Hie composition ofdaim 3 wherein said particle includes a nudeic add. 

1 7. The composition ofclaim 4 wherein said nnddc add isselectedfiom the 

2 group consisting of: SEQ IDs 3-19. 

1 8> The composition ofclaim S>^4)erein said nuddc add is selected fiom the 

2 group consisting of: SEQ IDs 3-19. 

1 9. TTm composition ofclaim 6 wherein said nucleic add is selected fiom the 

2 group consisting of: SEQ IDs 3-19. 

1 10. The coniposition of daim 2 wherein sdd first hapten is associated with a 
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2 disease condition caused by an agent selected from the groiqp consisting of: 

3 single stranded DNA viruses, double stranded DNA vinises, single stranded 

4 RNA viruses, double stranded KNA viruses, intracellular parasites, fiingi, 

5 bacteria, and cancer. 

1 ll.llie composition ofclaim 3 iwfaerem said second bsq)ten is assodfl^ 

2 with a disease condition caused by an agent selected fiom the group 

3 consisting of: single stranded DNA viruses^ double stranded DNA viruses, 

4 single stranded RNA viruses, dotible stranded RNA vuuses, intracellular 

5 parasites, fungi, bacteria, and cancer. 

1 12. The composition of claim 1 further comprising jfirst and second haptens 

2 and said particle is assembled as an extrinsic mosaic. 

1 13. The compo^tion of claim 1 fUrther comprising first and second haptens 

2 intrinsic to said nucleocapsid protein monomers and said particle is 

3 assembled as an intrinsic mosaic. 


1 14. A method of delivering nucleic acids to a subject in need thereof, 

2 comprising, administering to said subject a composition comprised of a 

3 nucleic acid and a plurality of nucleocapsid protein monomers, the primary 

4 sequences of which are derived fix>m duck hepatitis B virus, wherein said 

5 plurality of monomers are assembled to form a paiticle, and whorein said 

6 nucleic acid is contained within said particle. 

1 IS. The m^hod of claim 14 wherein at leasts first portion of said 

2 nucleocapsid protein monomers include a first fasten. 

1 16. The method of claim 14 wherein at least a second portion of said 

2 nucleocq}sid protein monomers includes a second hq>ten different fiom said 

3 firsthapteiL 
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1 17. A nucleocapsid protein monomer particle processing method, 

2 ccnnprising the steps of: 

3 providing a composition comprised of aplumlity of nucleocapsid 

4 protein monomers, the primary sequences of which are derived fit)m duck 

5 hepatitis B virus, wherein said plurality of monomera are assembled to form 

6 a particle, 

7 exposing said particle to a charged agent to produce a mixture of 

8 said monomers in a non-particle form, and 

9 removing said diarged agent fiom said mixture to assemble aparticle 
10 from nucleocapsid protein monomers in said mixture. 

1 18. TTie mefliod of claim 17, further comprising the step of removing 

2 unwanted nucleic acid fiom said mixture produced during said exposing 

3 step. 

1 1 9. The method of claim 1 7, further comprising the step of adding a nucleic 

2 add to said mixture produced during said exposing step. 


1 20. The method of claim 17, \^dlerein said charged agent used in said 

2 exposing step is a divalent cation selected from the group consisting of: 

3 Mg^ Zn^ Ba^^ Sr*^ Ca*^ and Pb*^ 

1 2 1 . A method for illidtbg an ixmnunogenic response in a patient in need 

2 thereof, comprising the step of administering to said patient an effective 

3 amount of a composition comprised of a plurality of nucleocapsid 

4 monomers, the primary sequences of which are derived from duck hepatitis 

5 B virus, wherein said plurality of monomers are assembled to form a 

6 particle. 
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1 22. The method of claim 21 wherein said composition further comprises a 

2 nudeic acid incorporated within said particle. 

1 23. The method of claim 21 wherein said composition further comprises one 

2 or more haptens associated widi at least a portion of said plurality of 

3 nucleocapsid monmers. 


wo 00/46365 


FCT/US0Q/in413 


1/20 


IS 

w 

<: 

Q 

> 

Q 
P 
M 

P^ 

CMQ 
Q 

a 

> 


M 
> 


CO 

!2 
H 
Q 


If) 


M 

ixl 
O 

Eh 
O 


Q 
H 

Q 
> 

a: 

M 
> 

cn 

Q 
CO 


a 

CO 
> 


a 

>A 
a 

H 

Pi; 

w 

O 

M 

<i 

> 
CM 

Eh 
Eh 
Eh 
Oi 
CM 


lO 


IS 

hq 
IS 

IS 

hq 


Q 
CO 

H 


to ^ 

CM i-M 

M 
PM 

Q 


> 

a 

H 
CM 

Pt:; 

Eh 
H 

<; 

w 

M 
CM 

o 

Eh 
CO 

IS 
Eh 

P^ 

CO 
M 

Eh 
> 

< 

o 


Q 

pc: 

CO 

\^ 

CO 

ct: 

CM X 
CM 

> 

> 
EH 

EH 

> 
1^ 

P:^ 

CM 
W 
i-q 
CD 

ft; 

CM 

Eh 

CO 
CO 
_Eh 

§^ 

CD 
CD 

a 


CM 

pc: 

CO 
CO 

pci 

CO 
CO 

gco 

CM CO 

CM 
i-l 
CM 
CO 
O 


a 

CO 
CM 


SUBSTITUTE SHEET QtULE26) 


wo 00/46365 


FCrAI500/in413 


2/20 



SUBSTiTVTE SHEET (RULE 2^ 


WO0Q/4fi365 


PCT/USOa/02413 


3/20 



SUBSJITUTE SHEET (RULE 26) 


PCTAJS00y02413 


4/20 


IREAIED 


nG.4A 



W 05 1.0 3^ 6.0 12 18 IWEOiis) 


CONTROL 


tOHBcAg TREMED 


nG.4B 



IB 0^ 1J) 3J) 6.0 12 18 lIME(hrs) 


SUBSTITUTE SBEET (RULE 26} 



SUBSTITUTE SHEET (RULE 26) 


wo 00/46365 


6/20 


?CrAJS00/0Z413 



SUBSTITUTE SHEET (RULE 26) 


wo 00/46365 


rcT/usoam24i3 


7/20 



g ^ ^ o o 

^annN 7133 mm 



SVBSTnVTE SHEET (RULE 


WOCm/4636S 


PCTAJSOO/02413 


8/20 


1500000 


S 1000000 


500000 




0 ug 

1 ug 

10 UQ 

2Z 10 days 

0 

493000 

1028000 

24 days 

0 

529000 

B16000 

□ 2nd+H days 

0 

1206000 

802100 


1500000 


RG.8A 



ncsB 


SVBSIITUTE SBOEET (RULE 26) 


wo 90/46365 


9/20 


PCTAJS00Aa4]3 



SVBSUTUTB SHEET (RULE 26) 


WO00M63dS 


PCTAJS00/IB4I3 


10/20 




SUBSrrWTE SHEET ^VIE2I9 


wo 00/4065 


PCT/USOQ/02413 


11/20 



8 


3 5 7 

OLUnON FACIOR (ORDER OF MAGNnUOE) 

nciiA 



3 5 7 

OaunON FACTOR (ORDER OF MAGNnUDE) 


nciiB 


SUBSTITUTE SHEET (RULE 26) 


12/20 



SUBSTITUTE SHEET (RULE 26^ 


13/20 


PCT/USOO/02413 


2 3 4 5 



DUCKHBcAg 


FIG. 13 


SUBSTITUTE SHEET (RULE 26) 


wo 00/46365 


14/20 


PCT/US00/n2413 



SVBSmVTE SHEET (RVLE2t) 



suBsmvm sheet (rvleis) 



SUBSTITUTE SHEET (RULE 26) 


WO 00/4^965 


PCT/USOQ/IMIB 


IS 

w 
1^ 

Q 
< 

a 
> 

Q 
Q 
H 

1^ 

Ua 

<MQ 

Q 
Q 

> 

CO 
M 

Q 


PC 

O 
O 

Eh 
Eh 

O 
IS 

Q 
Pl] 
H 

Q 

o Eh 
M 

> 

\< 

M 
CO 

CO 


04 

o 

CO 

> 

M 
W 

w 
o 
n: 

Cm 
Q 

OH-I 
'Hp-, 

M 

txl 

o 

M 

>^ 
CD 
< 

> 

Eh 
Eh 

CM 


17/20 
IS 

o 
IS 

tH 1JL4 

IS 


Q 

CO 
Ixl 

M 


CM 

< 
Eh 
M 

04 

>H 

Q 






1 1 

CO 

r\ . 
Pm 



CO 

Eh 


t 1 

H 

& 



U4 


1 1 

1— 1 

CM ^ 


> 

l-M 

»> 


Eh 


Eh 

is/ 


ID 

> 



>H 

Oh 




P^ 


0-1 

Eh 


CO 



» I'm 

CD 

IS 


Eh 

0>i 




P^J 


Eh 

CO 




>H 

CO 



Eh 


> 

cvjpc; 

12; 




W 

Oi 

0 



CO 

^CO 
PU 


SUBSTITUTE SHEET (RULE 26) 


PCrAJSOOl/02413 


18/20 


u 
o 
o 


I 


o 


u 
o 
o 

E-t 


Eh 
Eh 

E-t 
O 
Eh 


O 
O 

H 
O 
O 

s 

o 

Eh 
Eh 


O 

O 

o 


0 
O 

o 
o 


m 

rH 


O 
O 

EH 

U 

EH 

Eh 

i 

6h 
O 

I 

ID 

EH 

CD 
Eh 

EH 

Eh 
U 
< 

u 

.Eh 
U 


Eh 
O 
Eh 

EH 


O O 
O Eh 

o 

EH 

Eh 


Eh 

I 

Eh 

EH 

E-tO o 
Eh«^ Eh 


Eh 

^ 

< 



CD 


SUBSTITUTE SHEET (RULE 26^ 


9) • » 


wo 00/46365 


FCr/USOQ/02413 


19/20 



SUBSTITUTE SHEET (RULE 26) 


wo 00/46365 


PCTAJS00A»413 


20/20 



CN4 
CD 


SVBSmVTE SHEET (RULE 2^ 


INTERNATIONAL SEARCH REPORT 


Botefnatioiial appficatwn No. 
PCT/US00/Q2413 


A. crLASSmCATION OF SUBJECT MATTER 

1PC(7) :C12N 15/11; C07R 14/00 

US CL :514/44; 536/23. 1; 530/350; 435/320.1; 424/D5.] 
According to Inteniational Patent C htfl Mba t tofl (IPC) or tp bot h natkmiil etasBifioalioii and IPC 
R FIELPS SEARCHED 

Minimum ibeuaenlBtiDn scaicliod (dusifiBBtion system followed by dasaificsttoD symbols) 
U.S. : 514/44:536/23.1; 530/350; 435/320.1; 424/135.1 

Dooumcntationseafehedoiherthan minim im dooumentstiontotfaociieatthfltauflhdiMai^ mS«rtittdadintKiifl# ^Pff^ hffl 
NONE 


Ekcbonio dam base comwitod during Ihotntni^^ seafoh tenns used) 

CAPLUS. MBDUNE, WPIDS, WEST, 5TN. 

seafch tenns: nuoleooapsid, duck hepatitis B, monomer, paitiole» mosaSe, oapsid* hapten^ Hqwittis B virus, f»H*.^^^^rBid piotcias 


a DOCUMENTS CONSIDERED TO BE RELEVANT 

Category* Citation of document, wkh indicatiOB, where a|ipfop^ Rdcnrant to obUm No. 

X BRINQAS, R. Folding and assembly of hq}atitis b virus core 1-13 

protdn: A new model proposal. Journal of Structural Biology. 
1997, VoL I18» No. 3« pages 189-196» vi^le document 

A, E US 6,025,341 A (WANDS et al) 15 February 2000, whole 1-23 
document 

Y MHJCH et al* The Hepatitis nudeocapsid as a vacdne carrier 1-23 
moiety. Annals of New York Academy of Sciences* 1995, VoL 
754, pages 187-201, whole document 


1x1 Fuither documents ore Itsied in the cootiouation of Box C. See patent lamily sautau 


lo bo of psitiaulff ralcvsAOt 

earlier doeumtiA pubUahed on or aftar (ha inismsHoml fUiiq dats 

doBummt viuA may Hirmr 4aubl» «b priorily elMm<i) or wfaioh ■ 
eitad lo fltttWlib At iHMiaali0a 4ali orautfaar tiMini eroih«r 

. docfa<ttt nfeirias t» « tmt dbebnm. nu, exUbidni mr other 

dssnotol pttblidud prior 10 lh« fntenntia^ 


btv doonant piibliahvd ftfter thft iiitntialioiiBl fOm 
date md not in MoHiot w^tfia omfiMtkn but ailod 


doaumaat of pa/ttMtar rokrttatctr, dm ttaiuad 

ooMid r ad noral or oanool bp ccmidawd to favohra 
wtica tika dnpnnKot b takes done 


to aBronon^ 
kuadentad 


moCbo 
BivMliva ttip 


docujoenc of particular relevance; the claimed v 
vtmnAend to tovolvp an mrcnthre wap vfaaa tha 
eooibmad witb em or KIOTO odiar aach dooameab^ and 
Mn%. ahviam to b pefv>n kIriUad in the art 

docgmant oembar of Iho aano paieaft fntUy 


Date of the actual comptefcion of Ute international search 
02 JUNE 2000 

Date of maiUng of the intematioaal search report 

27 JUN 2000 

Name and maUinye address of the ISA/US 
Commisstooer oiFatents and Tndctnaikt 
Box POT 

Washbgicn. DXX 20231 
Runimite No. a03> 3aS-3230 

Authoriiced oflteer ^ 

PADMABASKAR * \uj<J/^J 
Telephone No. (703) 308-0196 ^ 


Form PCT/ISA/210 (second sheet) (iubr 1998)* 


lOTERNATIONAL SEARCH REPORT 


IfttcniaStckQsl 9 | ^F l lwt tf"ft No. 
PCr/USOQ/02413 


C (Contumatbn). DOCUMENTS CONSIDERED TO BE RELEVANT 


GntBgpry* 


CStation of dtteumtnt, iMilh uulic«lloa» wtoe a ff ropri atB» of tho rcloviUDt 


RdofluH to daiiii No. 


SCHODEL et al. Structure of Hq>atitis B Vims Core and e* 
Antigen. A single precore amino acid prevents nudeocapsid 
assembly. The Journal of Biological Chemistiy. IS January 
1993, Vd. 268» No. 2» pages 1332-1337, whole document. 

SCHODEL et aL Immunization With Hybrid H^atitis B Virus 
Core Partides Carrying Circumq)oro2oite Antigen Epitopes 
protects Mice Against Plasmodium yoelU Chailoige. Bdiring Ihst 
Mitt 1997. yfcl . 98» pages 1 14-1 19, whole document 


1-23 


1-23 


Fbim PCT/ISA/210 (mUmiatiDii of second ibeet) ^uty 1998)* 


INTERNATIONAL SEARCH REPORT 


Inmnational application No. 
PCT/USOQ/02413 


Box I Observattotts wb«re certain claims were found unsearchable (CbntbiDation of item 1 of first sheet) 


This islemalional icpoit fans mt been eatablishod in lespcot of ceitam claims untfer Anieb 17(2)(a) for the fbUo^MOg i 
i— J tiiey to fiubjert matter not foquirod to bo aeftcdied by ihn Auttiorily* namely: 


2. rn Claims Nos.: 

because thiyxrfato to parts of the mtMBattonalatw 

an cxtcDl that no meaningful international search can be canted out, spocifically: 


3. dabnsNos.: 

because thqr are dq^aidenlclairos and are noi drafted to 


Box II ObservaHona where unlly of faivenUon Is lacking (Centtnuatlon of Item 2 of first sheet) 


Tins Inlmitional Searefaing Authority found multiple inventbns m tbis infemational ^tpUootion, as foUows: 
Mease See Eitia Sheet 


^' [x] ABBUreq^uredaddhkmalsearehlbesweietundypaklbythoappU^ 


2. As attsearehable claims couU be searebedwiUioiiteffoitjustiQri^ 
of aiiy addhfonal fee. 

3, AsonlysomeoftherequutxiadditionalBearehfccsweretimdypaidb^ 
only those elainis for which fees were paid, specifieally clainis Nos.: 


4. No requlxed additional seareh fees were timely paid by the applicant. Consequently, tMs bttemational search report h 

restricted to the invention ftrst mentioned in the claims; it is covered by claims Nos.: 


Remark on Frotesf The additional acareb fees were accompanied by the applicant's pretest 

No protest aecompaniod the payment of additional search fees. 


Fbrm PCT/ISAmo (eontutuatkm of first sheet(l)) (July 1998)4 


INTERNATIONAL SEARCH REPORT 


Intenntmal a^Uca^o No. 
PCTAIS0Q/Q2413 


BOX II. OBSERVATIONS WHERE UNITY OF INVa^TION WAS LACIUNG 
This ISA foimd multq»fe mveo^ons as foUows; 

Gtotsp I, cfaiSDS 1-20* diawn to a composiUaD (cJaims 1-13) e omprisaS of ptumlily of ntioieocapwd pnteia fiom dude 
hepatisb B vinis* mctibod of mak&ig (cbims i7>20> awl method of m (daJam 1^16) of ddhmiog nodeb oeidf to a 
stibjcot JO Docd. 

Ofotip II» elainu 21-23, drawn to sootfaisr method of use for induetng an imraimogBaio KsponBo» 

Tha mvendons listed as Groups I aad II do not lekte to 

uogk bvMlivo oonoGi^ Bnder per Rute 13.1 because* under PCT 

Rule 13.2, thej )atk the aaxne or eofsesposiding BpeoUd trehirirgl featuies for the fisllowinig nasoiiB: 

GiDup I b dlncted to a oomposdion comprised of a plurality of nucteooapsid pioteia monomers, the primaiy Btq^aacn 
of which are derived finom duck hepatitis B vinia and method for pradiiehtg tin mielBoeapsid prataiB monomer paitiela 
and the same to deavBrnueirio adds to a sUbiect m need- whleh is the fiwi pmAn^ fiwt mOmd wf wmMiyg %yt 4 
fint method of uringthopicdneL The special tcdmical katm is the nodeoeapsid piotetn moooma and said paiticte 
is asacmbled as an faltrinao moisk, Graip II is drawn to another method of use havh« diOaent goals, method 
and staithig tntferiab, whiob do not icquim cwdi other for their pnettoe and do nm ah^ 
teefanical feamiCL Note that PCT Rute 13 does not piovido for multiple pioduGtB or methods within a shi^ 
Since the ipeoial teehnieal teture of the Gioiip 1 Invention la not pnseot hi the Gioup n elahns, and the T ** fft | 
teofanieal feanues of the Group 11 uwcnlbns are not present hi the Gtonp 1 cbhns, unity of mvcation ts '■^^g'^g 


Fbnn PCT/ISA/ZIO (extra shea) (July 1998)* 


this Pag® Wonk 


This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 

BEST AVAILABLE IMAGES 

Defective images within this document are accurate representations of the original 
documents submitted by the applicant. 

Defects in the images include but are not limited to the items checked: 

JZTbLACK BORDERS 

□ IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 

□ FADED TEXT OR DRAWING 

□ BLURRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 

□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 

□ LINES OR MARKS ON ORIGINAL DOCUMENT 

□ REFERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: 

IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 


W> page ^"^^^^ 


